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SUMMARY

A small-stale transonic invest igat ion of two semispm wings of the
same plan form was made in the Langley high-speed 7- by 10-foot tuel
through a Mach number range of 0.70 to 1.10 and a mean-test Reynolds
number range of 745,000 to W5, 000 to determtie the effects of partial-
sp~ leading-edge camber on the aerodynamic characteristics of a swept -
back wing. This paper presentk  the results of the investigation of
wing-alone and wing-fusehge “conf i~at ions of the two wings; one. was
an uncauibered wing and the other had the forward 45 percent of the
chord cambered over the outboard 55 percent of the SW. The s emispan
wings had 50° 38f sweepback of their quarter-chord lines, ,aspect ratio
of 2.98, taper ratio of 0.45, and modified ~CA &A-series atifoil sec-
tions tapered k thictiess ratio. Lift, drag, pitching moment, and
root-bending moment were obtained for these confi~ations.

The results tidicated  that, for the wing-alone configuration, use
of the partial-span leading-edge camber provided an increase in maximm
lift-drag ratios up to a Mach -nmber of 0.95, after which no gain was
realized. For the wing-fusehge  combination, the p~tial-span  leading-
edge camber appeared to cause no gain in maxtim lift-drag ratio
throughout the test range of ~ch nmbers. The lift-curve slopes of
the partial-span leading-edge camber configurations indicated no sig-
nificant change over the basic configurations in the subsonic range but
resulted in slight reductions at the higher Mach numbers. No signifi-
cantly hrge changes in pitchtig-moment -curve slopes or hteral center
of’ additional loading were indicated because of the modification. The
partial-span leading-edge c-er resulted in a slight increase in mini-
mm drag at the higher Mach numbers for the wing-alone configuration
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and the increase occurred throughout the Mach number range for the wing- %
fusehge confi~ation. The partial-span leading-edge csmber modifica-
tion did not prove as effective in improving the perfo~ce  character-
istics as did twisting and cambering a wing of the same pl~ form to *

give a unifom loading at a lift coefficient of 0.25 and a Mach number
of 1.10, as waa done in a previous investigation.

I~RODWTION

Previous investigations (refs. 1 and 2) have ehown
fo~ce characteristics (as indicated by (L/D)m.y)  of

that the per-
lcw-~pecl-rat io-—.-

sweptback wings could be substantially improved by twist and camber.
From a practical standpoint, however, the use of twist and csmber pre-
sents several structural problems, particuhrly when considered for
application to a variable-sweep airplane which may require that the
inboard wing sections remain symmetrical b order to house the variable-
sweep mechanisms. In addition, it is obviously desirable to maintain
straight-line elements in the vicinity of the flap and aileron hinge-
line locations.

In ~ attempt to achieve some of the favorable effects of warped
*

wings with a more practical modification applicable to existing swept
wings snd to variable-sweep airplanes, a wing was nbitrmily modif’ied d
by drooping the forward 45 percent of the chord of the outboard 55 per-
cent of the semispan to provide easenttally  the same csmber as the
warped wing of reference 1 while leaving the trailing 55 percent of
the chord of the entire semispan coticident with the chord pkne of
the flat wing of reference 1. The wing with the drooped leading edge
will hereinafterbe referred to as the “modified wing,” and the uncam-
bered wing shall be called the “basic wing.” Because of current
interest in all types of wing configurations through the tr~onic
speed range, both wing-alone data and wing-fuselage data were obtatied
and are presented in this report. The fuselage tested is the same as
that of reference.1  and is stiik to that of a c“mrent research
airplane.

This investigation of two semispan  wings mounted on a reflection
plane was made in the Langley high-speed 7- by 10-foot tunnel through
a Mach number range of 0.70 to 1.10. and m angle-of-attack range from
-100 to 22°. Lift, drag, pitching moment, and root-bending moment were
obtained for these confi~ations. r.

v
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COEI?FIC=S

lift coefficient,

drag coefficient,

~ SMOLS

Twice semispan lift

qs

Twice semispan drag
qs

pitching-moment coefficient referred to 0.2Z, .,
Twice semism- nitchina-moment

3

bending-oment

tive wind in

qsF

coefficient about axis pauel to rel.a-

Root bending momentptie of s~etry,
Sb

‘ZF

average dynamic

lb/sq ft

twice wing area

pressure over span of model, &V2,

of semispan model, 0.125 sq ft

mean aerodpic chord of wing, C.215 ft, based on

~
b/2

f
re~tio~hip S ~ c2dy (using theoretical tip)

local wing chord para~el to plane of s~etry, ft

twice spsR of semispan model, 0.61 ft

s-wise distance from plane of s:~etry, ft

air dens ity, slugs /cu ft

stretun velocity over model, ft/s ec

~
J

b/2
ef feet ive Mach number, CFZ dy

o

local Mach number
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d

z

L/D

wL_~

Ycal

average chordwise Mach number

Reynolds number, pvE/p

absolute viscosity, slugs /ft-sec

angle of attack of root chord line (parallel to
fuselage reference line), deg

chordwise distance from wing leading edge parallel to
plane of symmetry, ft

ember measured from undistorted portion of chord
plane, ft

maximum camber measured perpendicular to a line con-
necting the leading and trailing edge of streamwise
sections, ft (see fig. 3)

lift-drag ratio

angle of attack at zero lift coefficient, deg h.

lateral center of additional loading (lateral center
&~ -

of lift due to change in mgle of attack),
’00 q

percent semispan

b
pitching-moment coefficient at zero lift coefficient

C%in
minimum-drag coefficient

Ck%in
lift coefficient at minimum drag coefficient

r (L/D) ma~od
1 performance ratio - maximw lift-drag ratio of the

L 1-‘L/D)maX~a*ic
modified confi~ation referred to the maximm
lift-drag ratio of the basic configuration

cL(L/D)ma lift coefficient at maxtium lift-drag ratio
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MOD= ~ APPARATUS

.5

The basic wing and the modified wing (with partial-span le’ading-edge
camber) were comtructed of steel and had ~0° 38 r of sweepback of their
q@er-chord lines, aspect ratios of Z.98, and taper ratios of 0.45.
The airfoil sections of the basic wing perpendiculm to the 29.3-percent-
chord line, where this chord line intersects the streamwise root and tip
chords, were ~CA 64 10)AO1O.9 at the root and lTACA 64(08 AO08.1 at the
tip. L LThe same 64A a foil thickness distributions were p ced around
the mean cember s~face of the modified wing. The -imum stre-ise
thicknesses were 7.4 percent at the root and 5.6 percent at the tip. A
two-view drawing of the modified wing-alone configuration is presented
in fi~e 1, and a photograph of a typical configuration momted on the
reflection plane is presented in fi~e 2. Ordinates of the fusehge
used are given in table I.

The modified wing was designed to have the same caber, tiooped
below the chord pbe, in the leading 45 percent chord and over the
outboard 55-percent span u the warped wing of. reference 1, while
leaving the trailing 55 percent of the chord of the entire semispan
coincident with the chord plane of the flat wing of reference 1. The
chordwise ember variation for several semispan stations, along with
spanwise maximm caber variation, is presented in fi~e 3.

Force and moment measurements were obtained with a strati-Ka~e-
bahnce system and with
values were obtained by

recording potentiometers. The angle-of-+~tack
me- of slide-wire ~d recording potentiometers.

TESTS

The investigation was made in the Langley h:gh-speed 7- by 10-foot
tunnel with the model mounted on a ref’lecttin  pl&,ne (fig. 1] located
about 3 inches from the tunnel wall to bypass the wall boundary layer.
The reflection-pl-ane boundary-la~r  thichess was such that, with no
model installed, a value of % percent of the free-stream velocity w=
reached at a distance of approximately 0.16 tich from the surface of
the reflection phe at the bahnce center line for all test Mach num-
bers. This boundary-layer thickness represented a distance of about
4.5-percent  semispan for the models tested.

●

At Mach numbers below 0.93 there was practically no velocity gradient
in the vicinity of the reflection plane. At higher Mach numbers, how-
ever, the presence of the reflection plane created a ~~ local-velocity
field which pemitted testing the small modeb up to a Mach number of 1.10
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before choking occurred h the tunnel. The variations
numbers in the region occupied by the models, obtained
made with no model in wsition, are shown in figure 4.

NACA ~ L52D08a

Of ~OCal Mach
from smeys
Effective test

Mach numbers were obtained fro; additional contour C-S similar to
those shown in figure 4 by the relatio~hip

b/2
M 2=-

fso
~ dy

From these
(outside of the
over the region

contours it was determined that Wch number
boundary layer) of less than 0.01 generally

variations
were obtained

to be occupied by the models below a Mach number of 0.95.
These variations had values of 0.05 and 0.07 at Mach numbers of 0.98 and
1.10, respectively. It should be noted that the Mach number variations
of this investigation are prticipally  chordwise,  whereas the &ch num-
ber variations of reference 1 are principally spanwise.

A gap of about 1/16 inch was maintained between the wing-root-
chord section and the reflection-plane turntable, and a sponge-wiper
seal was fastened to the wing butt on the inner side of the turntable
to minimize leakage (ref. 3). Force and moment measurements were made
for the wing-alone and wing-fuselage configurations through a Mach
number range from 0.70 to 1.10 and m angle-of-attack range from -10°
to 220. The mean-test Reynolds number varied from 745,000 to 845,000
for the range of Mach nmbers of these tests as shown in figure ~.

No attempt has been made to apply corrections for Jet-boundary or
blockage effects. Because of the small size or the models these correc-
tions are believed to be negligible. Corrections due to aeroelastic
effects were less than 1.0 percent and were not applied to the data.

In general, the accuracy of the force end moment measurements can
be judged by any random scatter of the test potita used in presenting
the basic data. In applying a technique that utilizes small reflection-
plane models mounted in a localized high-velocity field, the reliability
of the absolute values of some of the results, particularly the drag
values, may be open to question. Experience has indicated, however,
that valid detem~tions of incremental .effects, such as those due to
lift coefficient, Mach nmber, or changes fi model configuration,
normally C= be obtained. A more complete evaluation of results obtatied
by techniques such as that used for the present investigation is given
in reference 3.

-u

,-
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RES~S ~ DISCUSSION

7

The basic data for the wing-alone and wing-fuselage configurations
are presented in’ fi~es 6 and 7. The lift -drag rat ios are presented
in figures 8 and 9, and a s ~ry of aerodynamic character tit ics is
given in figures 10 and 11. Unless otherwise stated the discussion is “
based on the summary curves of figures 10 and 11. The slopes presented
have been averaged over a lift-c=-fficient range of

Lift Characteristics

The lift-curve slopes (figs. 10 and 11). of the
tion indicated no significant change over the basic

to.2.

modified configura-
configurations h

the subsonic range, but the modifi~ation resulted-in slight reductions
in lift-c~e slopes at the higher Wch nmbers. The modification abo
caused small changes in the angle of attack fo: zero lift and in the
hteral center of additional loading (ycaz), but these changes are not
consistent for the wing-alone and wing-tielage confi~ations.

Drag Characteristics

For both the wing-alone ad wing-fusehge  configurations the wing
modification generally resulted in sme increase in minimum drag; a
maxim= increase of 0.006 was obtained with the wing-fuselage combti-
tion at a Mach number of 1.10. It should be noted that the values of.

Ckin for the wing-fusehge combinations may be high because of the

skin friction ~d interference drag caused by the additional fmelage
surface exposed by the gap between the fuselage and reflection-phe
surface. The values of C~in presented in this paper for the basic ‘“
configurations were noticeably higher than for the comparable confi~a-
tions of reference 1. These differences could possibly be due to the
differences in test facilities, Mach number gradients,  md effects of
the transonic bwp curvature on the effective sweep angle of the model
used in reference 1.

The lift coefficient for minimum drag ckD...... generally was
LUAU

slightly more positive for the modified wing th for
however, the maximw value of C

Q%in
obtained with

figurations was only about 0.08.

the basic wing;
any of the con-

b
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Lift-Drag Rat ios

WCA RM L52D08a

For the wtig-alone confi~ations  (fig. 8), the lift-drag ratios
for the modified wing were somewhat higher than for the basic wing at
lift coefficients above 0.1 and up to a Mach nmber of 0.95. Above
0.95 a negligible ticrease was realized. No appreciable change in lift-
drag ratios was occasioned by the modification for the wing-fuselage
configurations (fig. 9).

The (L/D)m= values of the confi~ations  with the modified wing

have been referred to the (L/D)W values of the basic configurations,
since the significance of a comparison of the absolute values of
(L/D)m= obtained herein with those obtained for the twisted and
cambered wing of reference 1 might be questionable because of the dif-

ference in techniques.

“  i~~2~’m’erredtou the

Tbe ratio

perfo~nce ratio, therefore, has been presented in fi~es 10 and 11
and is believed to provide a more realistic basis for evaluating the
effects of the wing modification. For the wing alone, the modification
increased the perfo~ance ratio up to a Mach nmber of 0.95, but had
little effect at higher speeds. When applied to the wing-fuselage con-
figuration, the wing modification caused no gain in the perfo~ce
ratio, thro@out the Mach number range, which could possibly be due to
the large increase in minimm drag caused by addition of the fuselage.
The performance ratio of the twisted and csmbered  wing and wing-fuselage
combinations of reference 1, obtatied by adjusting the drag polars of
that investigation to the cDrnin values of this paper, are presented

for comparison in figures 10 and 11. As can be seen by this comparison,
the present modification to the wing did not prove as effective in
tiprovtig the performance characteristics as did the twist ad camber
used in the wing in the investigation of reference 1. In this previous
investigation, the twist and camber had been selected so as to provide
a uniform loading at a lift coefficient of 0.25 md a Mach number 1.10.

The lift coefficient at which (L/D)max  occurred usually was
slightly higher for the modified wing configurations than for the flat
wing confi~ations. Large Mach number effects on CL for (L/D)u

were indicated for all configurations investigated at Mach numbers
between 0.95 and 1.10.

.

s

.

a
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* Pitching-Moment C@acteristics
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In general, the pitchtig-moment SIOpeS’ ~’~L were OnlY-Slightly
a affected by the wing modification throughout the test r=ge of Mach

nmhers. At the highest lift coefficients and high Mach numbers, the
modification seemed to cause the wing done to be slightly more unstable
(fig. 6), whereas the wing-fuselage combination became slightly more
stable (fig. 7).

The vaiations of the pitchi@-moment coefficient at zero lift ~

with Mach number were practically wffected by the modification.

CONCLUSIO~

An investigation of the effects of part-l-span  leading-edge camber
on the aerodynamic charactertitics  of a swepthack wing indicated the
following conclusion=:

1. For the wing-alone confi~ation, use of the partial-span leadtig-. edge csmber provided”’- ticrease in msximum lift-drag ratios up to a
Mach number of 0.95, after which no gain was realized. For the wfig-
fuselage combination, the partial-span leading-edge camber appeared to.
cause no gain in ~imum lift-drag r~tio throughout the test rage of
~ch numbers.

2. The lift-curve slopes of the modified configurations indicated
no si~ificant change over the basic configurations ti the subsonic
r-e but resulted in slight reductions at the hi@er ~ch nmbers. No
significantly Mge changes, due to the modification, in pitching+oment
slopes or lateral center of additional loading were indicated. The
modification resulted in a slight increase in minhum drag at the higher
Mach nmbers for the wing-alone configuration and the increase occwred
throughout the Mach nwber range for the wing-~elage  configuration. “

3. The partial-span leading-edge camber modification did not prove
as effective in Wproving the performance characteristics as did
twisting and fully cambering a wing of the sae plan form in a previous
investigation.

Langley Aeronautical Laboratory
National Advisory C-ittee for Aeronautics

Langley Fie’ld,  Va.
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Fi~e 1.- Wfig-alone  cotiiguration  with no 38! sweptback wings, aspect
ratio 2.98, taper ratio 0.45, and motified NAW 6h-series atifoil
sections mounted on reflection plane.
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Fi~e 2.- Photograph of typical model ~ reflectiompwe set~. ~
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Figure 3.- C-er mr iat ions of wing with p~tial-span  leading-edge camber. .
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